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ELECTRON  MOMENTUM  TRANSFER  COLLISION  FREQUENCY 

IN  N2, 02  AND  AIR 


1 .  INTRODUCTION 

The  electron  nomentun  transfer  collision  frequency  plays  a  significant 
role  in  the  deteraiination  of  the  conductivity  in  weakly  ionized  gases*  It  can 
be  determined  if  the  momentum  transfer  cross  sections  and  the  electron 
velocity  distributions  are  known.  However,  there  appears  to  be  several  ways 
of  obtaining  the  electron  momentum  transfer  collision  frequency  depending  on 
the  appropriate  applications. 

In  this  report  we  calculate  the  electron  momentum  transfer  collision 

frequency  v  assuming  a  Maxwellian  electron  velocity  distribution,  using  the 
ni 

most  current  cross  sections.  Ue  compare  these  results  with  each  other  ^  well 
as  with  other  calculations. 


2.  THE  ELECTRON  JiOMENTUM  TRANSFER  COLLISION  FREQUENCY 

The  concept  of  the  momentum  transfer  is  most  useful  in  ionized  gases 

under  the  influence  of  the  electric  field,  where  the  velocity  distribution  is 

distorted  by  the  action  of  the  field.  Under  these  conditions  v  is  obtained 

m 

from  the  following  equation^  where  the  electron  velocity  distribution  is 
assumed  to  be  Maxwellian 


<— > 
u 
m 


«  5/2-3  2 

3/u  N  ^2kT^  ^  a(v)  2kT^ 

o  o 


(1) 


Here,  N^  indicates  the  density  of  the  atoms  or  the  molecules,  o(v)  the 
momentum  transfer  cross  section  and  the  rest  of  the  symbols  have  their  usual 
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meaning.  The  definir.ion  given  by  (1)  becomes  obvious  when  one  is  interested 
in  the  electron  mobility  y  where 


u 


—  _L 

m  V 
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(2) 


In  Eq.  (2)  one  requires  the  averaging  of  to  be  made  where  the  cross  section 

is  in  the  denominator.  Expression  (1)  is  obtained  from  the  general  moment 

2 

equation  for  any  velocity  distribution,  f(v),  where 


A  J 


4  TIV^  df 
ic(v)  ov 


(3) 


Here  A  is  the  normalization  constant  i.e.,  Jf(v)dv=«l.  On  the  other  hand,  one 
can  also  define  the  momentum  transfer  collision  frequency  as 


<v  ,,> 
eff 
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j  v^a(v)  Exp  (-  1^)  dv 


(4) 


where  the  velocity  distribution  is  Maxwellian*  Obviously  the  same  definition 

of  distorted  velocity  distribution  (see  Eq.  (3))  is  utilized  in  Eq.  (4).  It 

is  therefore,  of  interest  to  compare  the  momentum  transfer  collision  frequency 

calculated  using  both  definitions  of  Eq.  (3)  and  (4).  In  addition,  one  can 

also  define  v  in  the  usual  manner  for  a  given  velocity  distribution  with  no 
m 

external  force  imposed  on  the  plasma  electrons,  that  is; 

3 

V  =»  B  J  471V  o(v)f(v)dv  (5) 


where  B  is  the  normalization  constant 


elastic  cross  section  of  Wedde  and  Strand^.  Using  these  data  we  calculate 

V  .  V  and  v  and  the  results  are  given  in  Table  2. 
m  ef  t  a 


5.  THE  ELECTRON  MOMENTUM  TRANSFER  COLLISION  FREOUENCY  IN  AIR 

To  obtain  the  collision  frequency  in  air  we  emphasize  the  calculation  of 

(see  Eq.  3)  where  in  the  averaging  process  the  cross  section  is  the 

denominator.  Table  3  shows  the  results  for  with  a,,-  =  0.8  a.,  +  0.2  • 

m  air  N2  U2 

Furthermore,  we  use  the  results  of  Table  1  for  in  N2  and  0^  and  combine 

them  as  0.8  v  (N-)  +  0.2  v  (O^).  These  results  are  also  shown  in  Table  3.  An 
m  2  m  2 

interesting  result,  at  least  in  this  case  where  the  distribution  is 
Maxwellian,  is  that  the  results,  obtained  both  ways,  are  in  excellent 
agreement. 
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Table  1  —  and  j^j/N  for  N2 


1.61E-08 

2.33E-08 

1.51E-08 

2.8;?E-n8 

3.72E-n8 

2.53E-U8 

3.79E-08 

5.24E-na 

3.41E-08 

4.71E-n8 

7.22E-08 

4.40E-08 

5,66E-08 

9.32E-08 

5.50E-08 

6.61E-08 

1.12E-07 

6.64E-08 

7.54E-08 

1.27E-07 

7.74E-08 

8.44E-08 

1.38E-07 

8.75E-08 

9.26E'-08 

1.47E-07 

9.65E-08 

l,nnE-07 

1.53E-n7 

1 .04E-07 

1.07E-07 

1.57E-07 

l.llE-07 

U13E-n7 

1.6nE-n7 

1.17E-07 

1.18E-07 

1.62E-07 

1.22E-07 

1.22E-n7 

1.64E-n7 

1.26E-07 

1.26E-07 

1.65E-07 

1.30E-n7 

1.3nE-n7 

1.65E-07 

1.33E-07 

l,33E-07 

1.66E-07 

1.36E-07 

1.36E-07 

1 .66E-07 

1.38E-07 

l,38E-n7 

1.66E-07 

1.41E-07 

1 .4nE-07 

1.67E-07 

1.42E-07 

1.42E-07 

1.67E=07 

1.44E-07 

1.44E-n7 

1.67E-07 

1.46E-07 

1.46E-07 

1.67E-07 

1.47E-07 

l.47E-n7 

1 .6-'E-07 

1.48E-07 

1.49E-07 

1.67E-07 

1.49E-07 

». ,  : 


. . . . 


Table  1  (Cont’d)  ^  I'm/N,  I'eff/N  and  for  N2 


ni  d 

1.50E-07 

1.68E-07 

1.50E-07 

’  .51E-07 

1.68E-07 

1.51E-07 

1.52E-07 

1.68E-C7 

1.52E-07 

1.53E-07 

1.68E-07 

1.53E-07 

1.54E-07 

1.68E-07 

1.54E-07 

1.55E-'17 

1.68E-07 

1.54E-07 

1.56E-fl7 

1.69E-07 

1.55E-07 

l.57E-r.7 

1.69E-07 

1.56E-07 

1.57E-07 

1.69E-07 

1.56E-07 

1 .58E-n7 

1.69E-n7 

1.57E-07 

1.59E-07 

1.70E-67 

1.57E-07 

1.6nE-07 

1.7nF.-07 

1.58E-07 

1.60E-07 

l./0E-n7 

1.58E-07 

1.61E-07 

lJOE-07 

1.59E-87 

1.61E-07 

1.70E-07 

1.59E-07 

1.62E-n7 

1.70E-07 

1.60E-07 

1.62E-07 

1.71E-07 

1.60E-07 

l,62E-07 

1.71E-07 

l,6nE-07 

1.63E-07 

1.71E-07 

1.61E-07 

1.63E-n7 

1.71E-07 

1.61E-07 

1.64E-07 

1.71E-07 

1.61E-07 

1.64E-07 

1.71E-n7 

1.61E-07 

l,64E-07 

1.71E-07 

1.62E-07 

1.64E-n7 

1.71E-07 

1.62E-07 

l.fi4E-07 

1.71E-07 
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Table  1  (Cont’d)  —  I'm/N,  I'eff/N  and  vJN  for  N2 


''m/No 
m  c 


'‘iu'h 


1.65E-07 

1.71E-07 

1.64E-07 

1.63E-07 

1.69E-07 

1.65E-07 

1.61E-07 

1.66E-07 

1.66E-07 

1.58E-n7 

l.fi3E-n7 

1.66M7 

1.55E-07 

l.fiOE-07 

1.65E-07 

1.51E-07 

1.57E-07 

1.64E-07 

1.48E-07 

1.54E-07 

1.63E-07 

1 .44E-n7 

1.51E-07 

1.62E-n7 

1.41Er07 

1.48E-07 

1.60E-07 

1.38E-07 

1.45E-07 

1.59E-07 

1.35E-07 

1.43E-07 

1.58E-07 

1.32E-07 

1.4nE-07 

1.56E-07 

1.30E^07 

1.37E-07 

1.55E-07 

1.27E-07 

1.35E-n7 

1.53E-07 

1.25E-07 

1.33E-07 

1.52E-07 

l,22E-07 

1.31E-07 

1.50E-07 

1.20E-07 

1.29E-07 

1.49E-07 

1.18E-07 

1.27E-07 

1.48E-07 

1.16E-07 

1.25E-07 

1.46E-07 

1.14E-n7 

1.23E-n7 

1 .45E-07 

1.12E-07 

1.21E-07 

1.44E-07 

l.inE-07 

1.19E-n7 

1.42E-07 

1.08E-07 

1.13E-07 

1.41E-07 

1.06E-07 

1.16E-n7 

1.40E-07 

1.04E-07 


1.14E-07 


1.39E-07 


1  ‘  V., . 


Table  1  (Gont’d)  —  ^je/N,  f'eff/N  and  vJN  for  N2 


m  L 


1.03E-07 

1.13E-07 

1.37E-07 

l.OlE-07 

l.llE-07 

1.36E-07 

9.98E-d8 

l.lOE-07 

1.35E-07 

9.84E-08 

l.llE-07 

1.34E-07 

9.69E-08 

1.07E-07 

1.33E-07 

9.56E-08 

1.06E-07 

1.32E-07 

9.43E-08 

1.05E-07 

1.29E-07 

9.32E-n8 

l.n3E-n7 

1 .30E-67 

9.19E-08 

1.02E-07 

1.29E-d7 

9.08E-07 

l.QlE-07 

1.28E-07 

8.95E-Q8 

9.99E-07 

1.26E-n7 

8.86E-08 

9.88E  .08 

1.26E-07 

8.75E-08 

9.77E.08 

1.25E-07 

8.65E-^08 

9.67E-08 

1.24E-87 

8.51E-08 

9.57E-08 

1.23E-07 

8,45E-08 

9.47E-08 

1.22E-07 

8.35E-08 

9.38E-08 

1.21E-87 

8.28E-08 

9.32E-08 

1.20E-07 

8.18E-08 

9.20E-08 

1.19E-07 

8.10E-08 

9.11E-n8 

1.18E-07 
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Table  2  —  i'ni/®2»  *'eff/®2  ^2 


^e 

m  c 

^eff^°2 

•'i'h 

0.1 

5.93E-09 

l.l()E-08 

6.84E-09 

0.2 

1.26E-08 

2.10E-08 

1.30E-08 

0.3 

1.89E-08 

2.88E-08 

i.86E-08 

n.d 

2.45E-08 

3.63E-08 

2.33E-08 

0.5 

2.96E-08 

4.10E-08 

2.76E-08 

0.6 

3.42E-08 

A.89E-08 

3.14E-08 

0.7 

3.86E-08 

5.16E-08 

3.51E-08 

0.8 

4.27E-08 

5.66E-08 

3.85E-08 

0.9 

4.66E-08 

6.14E-08 

4.18E-08 

1.0 

5.04E-08 

6.59E-08 

4.50E-08 

1.1 

5.40E-d8 

7.02E-08 

4.81E-08 

1.2 

5.75E-d8 

7.44E-08 

5.10E-08 

1.3 

6.08E-08 

7.83E-08 

5.39E-08 

1.4 

6.14E-08 

8.20E-08 

5.66E-08 

1.5 

6.73E-08 

8.56E-08 

5.93E-08 

1.6 

7.03E-08 

8.90E-08 

6.19E-08 

1 .7 

7.33E-08 

9.23E-08 

6.44E-08 

1.8 

7,61E-08 

9.55E-08 

6.68E-08 

1.9 

7.89E-08 

9.85E-08 

7.03E-08 

2.0 

8.17E-08 

l.OlE-07 

7.14E-08 

2.1 

8.43E-08 

1.04E-07 

7.36E-08 

2.2 

8.68E-08 

1.07E-n7 

7.58E-08 

2.3 

8.93E-08 

1.09E-07 

7.78E-03 

2.4 

9.17E-08 

1.12E-07 

7.98E-08 

2.5 

9.40E-08 

1.14E-07 

8.18E-08 

9 
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Table  2  (Cont’d)  —  J^m/02»  ^eSl^2  ^2 


9.63E-08 

1.16E-07 

8.37E-08 

q.84E-08 

1.18E-07 

8.55E-n8 

l.OlE-07 

1.20E-07 

8.73E-08 

1.03E-07 

1.22E-n7 

8.90E-08 

1.04E-07 

1.24E-07 

9.07E-08 

1.06E-n7 

1.2SE-07 

9.23E-08 

1.08E-07 

1.27E-07 

9.39E-08 

l.lOE-07 

1.29E-07 

9.54E-08 

1.12E-67 

1.30E-07 

9.69E-08 

1 J3E-07 

1.32E-07 

9.84E-08 

1.15E-07 

1.33E-07 

9.98E-d8 

1.17E-n7 

1.34E-n7 

l.niE-07 

1.18E-07 

1.35E-07 

1.02E-07 

1.19E-07 

1 .36E-n7 

1.04E-n7 

1.21E-07 

1.37E-07 

1.05E-07 

U22E-07 

1.3RE-07 

1.06E-07 

1.23E-07 

1.39E-07 

1.07E-07 

1.25E-07 

1.40E-07 

1.08E-07 

1.26E-07 

l,41E-07 

l.lOE-07 

1.27E-07 

1 .42E-07 

l.llE-07 

1.28E-07 

1.43E-07 

1.12E-07 

1.29E-07 

1.44E-n7 

U13E-07 

1.30E-07 

1.44E-07 

1.14E-07 

1.31E-n7 

1.45E-07 

1.15E-07 

1.32E-07 

1.46E-n7 

1.16E-07 

>\'*Vs\v\v 


Table  2  (Cont’d)  —  ®2 


Te 

6.0 

1.40E-07 

1.51E-07 

1.23E-07 

7.0 

1 .45E-07 

i.54E-07 

1.29E-07 

8.0 

1.48E-07 

1.55E-07 

1.34E-07 

9.0 

1.50E-07 

1.56E-07 

1.37E-07 

10.0 

1.50E-07 

1.56E-07 

1.40E-07 

11.0 

1.5nE-07 

1.56E-07 

1.42E-07 

12.0 

1.49E-07 

1.55E-07 

1.44E-n7 

13.0 

1.47E-07 

1.53E-07 

1.45E-07 

14.0 

i.45E-07 

i.52E-07 

1.46E-d7 

15.0 

1.42E-^7 

1.50E-07 

1.46E-07 

16.0 

1.39E-07 

1.48E-b7 

1.46E-07 

17.0 

1.36E-07 

1.46E-07 

1.46E-07 

18.0 

1.33E-07 

1.44E-07 

1.46E-07 

19.0 

1.29E-07 

1.42E-07 

1.46E-07 

20.0 

1.26E-07 

1.40E-07 

1.46E-07 

21.0 

1.22E-07 

1.37E-07 

1.45E-07 

22.0 

1.19E-07 

1.35E-07 

1.45E-07 

23.0 

1.16E-07 

1.33E-07 

1.44E-07 

24.0 

1.12E-07 

1.31E-07 

1.43E-07 

25.0 

1.09E-07 

1.29E-07 

1.42E-07 

26.0 

1.06E-07 

1.27E-07 

1.41E-07 

27.0 

1.03E-07 

1.24E-07 

1.41E-07 

28.0 

l.OlE-07 

i.22E-07 

1.40E-07 

29.0 

9.81E-08 

1.20E-07 

1.39E-07 

30.0 

9.57E-08 

1.18E-07 

1.38E-07 
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Table  2  (Cont’d)  —  v^jOo,  »^eff/02  ®2 


m  c. 


''eff''°2 


31.0 

9.35E-08 

1.16E-07 

32.0 

9.13E-08 

1.15E-07 

33.0 

8.93E-08 

1.13E-07 

34.0 

8.71E-08 

l.llE-07 

35.0 

8.57E-08 

l.lOE-07 

36.0 

8.38E-08 

1 .08E-07 

37.0 

8.24E-08 

1.06E-07 

38.0 

8.08E-n8 

1 .05E-07 

39.0 

7.94E-08 

1.03E-07 

40.0 

7.81E-08 

l.n2E-07 

41.0 

7.67E-n8 

l.OOE-07 

42.0 

7.56E-08 

9.90E-07 

43.0 

7.40E-08 

9.74E-08 

44.0 

7.33E-08 

9.64E-08 

45.0 

7.23E-08 

9.49E-08 

46.0 

7.13E-0a 

9.55E-08 

47.0 

7,04E-08 

9.25E-08 

48.0 

6.95E-08 

9.18E-08 

49.0 

6.84E-08 

9.06E-08 

50.0 

6.78E-0a 

8.95E-n8 

''a/“2 


1.37E-07 
1.36E-07 
1.35E-07 
1 .34E-07 
1.33E-07 
1.32E-07 
1.31E-07 
1.30E-n7 
1.29E-07 
1.28E-07 
1.27E-07 
1.26E-07 
1.25E-07 
1.24E-07 
1.23E-n7 
1.22E-07 
1.21E-07 
1.20E-07 
1.19E-07 
1.18E-07 


Table  3  —  t^xal^o 


Te 

m  0 

0.8  t  0.2  v^/O^ 

0.1 

1.43E-08 

1.41E-08 

0.2 

2.53E-08 

2.51E-08 

0.3 

3.44E-08 

3.41E-08 

0.4 

4.30E-08 

4.26E-08 

0.5 

5.16E-08 

5.12E-08 

0.6 

6.03E-08 

5.97E-08 

0.7 

6.88E-08 

6.81E-08 

0.8 

7.69E-08 

7.60E-08 

0.9 

8.44E-08 

8.34E-03 

1.0 

9.14E-08 

9.n2E-08 

1.1 

9.76E>08 

9.63E-08 

1.2 

1.03E-07 

1 .02E-07 

1.3 

1.08E-07 

1.06E-0? 

1.4 

1.12E-07 

l.llE-07 

1.5 

1.16E-07 

1.15E-07 

1.6 

1.20E-07 

1.18E-07 

1.7 

1.23E-07 

1.21E-07 

1.8 

1.26E-07 

1.24E-07 

1.9 

1.28E-07 

1.26E-07 

2.0 

1.31E-07 

1.28E-07 

2.1 

1.33E-07 

1.31E-07 

2.2 

1.35E-07 

1.33E-07 

2.3 

1.37E-07 

1.34E-07 

2.4 

1.38E-07 

1.36E-07 

2.5 

1.40E-07 

1.38E-07 
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n  0 

> 

cc 

• 

o 

2.6 

1.41E-07 

1.39E-07 

2.7 

1.43E-07 

1.40E-07 

2.8 

1.44E-07 

1.42E-07 

2.9 

1.45E-07 

1.43E-07 

3.0 

1.47E-07 

1.44E-07 

3.1 

1.48E-07 

1.45E-07 

3.2 

1.49E-07 

1.46E-07 

3.3 

1.50E-07 

1.47E-07 

3.4 

1.51E-07 

1.48E-07 

3.5 

1.52E-07 

1.49E-07 

3.6 

1.52E-07 

1.50E-07 

3.7 

1.53E-07 

1.51E-07 

3.8 

1.54E-07 

1.52E-07 

3.9 

1.54E-07 

1.52E-07 

4.0 

1.55E-07 

1.53E-07 

4.1 

1.56E-07 

1.54E-07 

4.2 

1.56E-07 

1.54E-07 

A.3 

l,57E-07 

1.55E-07 

4.4 

1.57E-07 

1.55E-07 

4.5 

1 .58E-n7 

1.56E-07 

4.6 

1.58E-07 

1.56E-07 

4.7 

1.59E-07 

1.57E-07 

4.8 

1.59E-07 

1.57E-07 

4.9 

1.59E-07 

1.5aE-n7 

5.0 

1.60E-07 

1.58E-07 
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Table  3  (Cont’d)  —  I'm/No  in  air 

Te  '■m/Oa 


6.n 

1.61E-07 

1.60E-07 

7.0 

1.61E-07 

1.59E-07 

8.0 

1.60E-07 

1.58E-07 

9.0 

1.58E-07 

1.56E-07 

10.0 

1.55E-07 

1.54E-07 

11.0 

1.52E-07 

1.51E-07 

12.0 

1.49E-07 

1.48E-07 

13.0 

1.46E-07 

1.45E-07 

14.0 

1.43E-07 

1.42E-07 

IS.O 

1.40E-07 

1.39E-07 

16.0 

1.37E-07 

1.36E-07 

17.0 

1.34E-n7 

1.33E-07 

18.0 

1.31E-07 

1.30E-07 

19.0 

l.29E-n7 

1 .28E-07 

20.0 

1.26E-07 

1.25E-07 

21.0 

1.23E-07 

1.22E-07 

22.0 

1.21E-07 

1.20E-07 

23.0 

1.19E-07 

1.17E-07 

24.0 

1.16E-07 

1.15E-07 

25.0 

1.14E-07 

1.13E-07 

26.0 

1.12E-07 

l.lOE-07 

27.0 

l.inE-07 

1.08E-07 

28.0 

1.07E-07 

1.06E-07 

29.0 

1.06E-07 

1.04E-07 

30.0 

1.04E-07 

1.03E-07 
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